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• Nitrate is one of the most common water 
contaminants around the world. 
1. Background 
2 
• Elevated nitrate concentrations raise 
health concern. 
Causes: Excess fertilizer applications, 
disposal of untreated industrial wastewater, 
etc.  
Nitrate may transform to nitrite (causing 
methaemoglobinemia, or blue baby syndrome) 
and potentially carcinogenic nitrosamines.   
1. Background 
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NO3- + 2.5H2 + H+                  0.5N2 + 3H2O                  




2. Research motivation 













M = Cu, In, Sn, etc.  
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2. Research motivation 













M = Cu, In, Sn, etc.  
• Pd is very expensive (>$16/gram). 
• Promoter (e.g., Cu) is prone to leaching 
under acidic conditions and in the 
presence of organic ligands, reducing 
catalyst stability. 
• Nitrate is converted to a mixture of N2 





3. Exploring beyond palladium: what is alternative? 
• Our screening study of Pt group metals for catalytic nitrate reduction 
revealed the high activity of commercial Ruthenium catalysts. 
• Reaction kinetics, product distribution, reaction pathway and influence of performance 
by catalyst properties during nitrate reduction with Ru catalysts need to be understood. 
Chen, X., Huo, X., Liu, J., et al. (2017) Chemical Engineering Journal 313, 745-752. 
Metal mass normalized rate constants of nitrate reduction Metal price 
From www.infomine.com 
6 
4. Nitrate reduction with supported Ru nanoparticles 
Nitrate reduction kinetics 
• Ru/C shows high activity in nitrate reduction, 
comparable to state-of-the-art Pd-Cu/C catalyst. 
Intrinsic nitrate reduction activity 
Pulse CO chemisorption technique 










4. Nitrate reduction with supported Ru nanoparticles 
Effect of catalyst pretreatment on activity 
• Treatment of Ru/C with flowing H2 or N2 at 350 ℃ led to a threefold increase in catalyst activity.  
• Ru/Al2O3 was only active after treatment in flowing H2.  
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4. Nitrate reduction with supported Ru nanoparticles 
Effect of catalyst pretreatment on activity 
• Ex situ treatment of Ru/C with flowing H2 or N2 at 350 ℃, led to a threefold increase in activity.  
• Ru/Al2O3 was only active after treatment in flowing H2.  
RuO2 crystal 















4. Nitrate reduction with supported Ru nanoparticles 
Enproduct selectivity of nitrate reduction 
NO3- NH4+ 































































































• Supported Ru nanoparticles showed promising catalytic performance in 
reducing nitrate at ambient temperature and H2 pressure.  
• The key features for supported Ru catalysts to achieve high activity are (1) 
reduced Ru surface can be obtained by H2 reduction at low temperature 
and (2) the surface is not blocked by contaminants.  
• Ru reduces nitrate selectively to ammonium, while nitrite is reduced to 
yield a mixture of N2 and ammonium 
• The reaction mechanism is proposed that sequential hydrogenation of 
nitrate to nitrite and NO is followed by parallel pathways involving the 
adsorbed NO: (1) hydrogenation to ammonium, and (2) N-N coupling with 




Ion exchange resin 
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Ion exchange resin 
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Ion exchange resin 
12 










Nitrogen recovery Adapted from Bergquist, 2016 
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